With data from a household survey covering migrant settlers and indigenous (Kichwa) communities in the Sumaco Biosphere Reserve (SBR), this study analyses the drivers of agricultural diversification/specialisation, focusing on the role of ethnicity and the livelihood strategies (LS) they follow. Data were collected using the Poverty and Environment Network methodology of the Center for International Forestry Research (CIFOR-PEN). In order to establish the drivers of agricultural diversification, the number of crops and the Shannon index of crops areas were used as the dependent variables in ordinary least square (OLS) models, while a multinomial logit model (MLM) was used to assess a household's degree of diversification. The results of the OLS regression provides evidence supporting the notion that households, with Livestock-based and Wage-based livelihood strategies (LS) are less diversified and more specialized than households with Crop-based LS. Ethnicity has a positive and significant effect on agricultural diversification, with Kichwa farms more diversified than those of their migrant colonist counterparts. The results of the multinomial logit model (MLM) show that large Kichwa households, with Crop-based and Forest-based LS are more likely to adopt a highly diversified agricultural strategy. Based on these findings, we recommend a redirection of agricultural incentives, towards the adoption of diversified agricultural systems, as a strategy to promote more sustainable production systems in the Ecuadorian Amazon Region.
Introduction
Worldwide, almost half of the total usable land is now pastoral or intensive agriculture in use [1] . These systems produce about half of the world's food and are essential in addressing rural food insecurity and poverty in developing countries [2] . However, these systems are also considered to be the major cause of the continuous loss of tropical forests and degradation of tropical ecosystems [3] due to the expansion of the agricultural frontier [4] [5] [6] . Such land use changes have been responsible for around 12% of global CO 2 emissions over the last decade (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) [7] . Most of these estimations have been made using a large database with a global prediction subject to a high level of uncertainty. Whilst the problems are global, solutions must be treated at local, regional and global levels [1] . Hence, one of the principal challenges for researchers is increasing agricultural production without damaging the environment [4] [5] [6] and the facilitation of policy recommendation. In this sense, agricultural diversification is frequently identified as a potential strategy that contributes towards more sustainable and competitive commodities, increasing rural incomes, generating on-farm employment and alleviating poverty.
Hence, this paper uses the concept of Joshi and colleagues who consider agricultural diversification as "a shift of resources from one crop (or livestock) to a larger mix of crops and livestock, keeping in view the varying nature of risks and expected returns from each crop/livestock activity and adjusting it in such a way that it leads to optimum portfolio of income" [8] (p. 2457). In this context, several authors argue that diversification could improve risk management and alleviate poverty, economic crises, internal/external shocks [9] [10] [11] [12] [13] , natural disturbances and climate change [6, 14, 15] while increasing food security and dietary diversity [14, 16] . Despite the increase of industrialization in agriculture, millions of small-scale famers in rural areas still use diversified agricultural systems to produce sustained yields for their subsistence needs [14, 17] . Previous local empirical studies have examined agricultural diversification and its relationship with household livelihoods in a wider context, for example, by examining poverty alleviation [10] and agricultural risk management [18, 19] . Some authors also reported differences concerning the determinants of agricultural diversification. For instance, Tung [20] found that larger agricultural areas favour specialization rather than diversification, while McNamara and Weiss [21] state the opposite effect. Babatunde and Qaim [22] conclude that diversification increases with overall household income, whilst Jones et al. [16] suggest that wealthier households in Malawi accomplish a more diversified production without expanding the cultivated land area. On the other hand, a study conducted in a semi-arid agricultural system in Kenya outlines the influence of precipitation on crop diversity [15] . Furthermore, Bartolini and Brunori [23] observe that proximity to popular tourist areas and urban markets plays an important role in shaping on-farm diversity income. Such studies show that agricultural diversity is affected by a wide range of variables and show the need to conduct case studies in particular areas.
Several approaches are available to measure agricultural diversification. In many cases, the use of proportional abundance measures of diversity methods, for example, Simpson [16, 20, 24] , Hirfendahl [22, 25, 26] and the Shannon equitability index of diversity [27] [28] [29] are appropriate. These methodologies are suitable for determining agricultural diversification or specialization and have usually been applied in economic literature. However, for the purpose of calculating the diversification of the crop area, we used the Shannon diversity index (H crop_area ). To classify the degree of diversification, we used the Shannon equitability index for crop area (E crop_area ). In the latter, a zero value indicates specialization and values greater than zero denote some degree of diversification [25] . In conjunction, we also used the simple richness index method that measures the total number of different crops a household grows, which is used in several studies [10, 15, 21, 23] . In addition, to estimate the determinants of agricultural area diversification, a number of methodologies have been applied. We employed Ordinary Least Squares (OLS) since the outcomes have a small proportion of zero values as a fraction of the number of crops within the whole sample in our study area and a multiple regression using OLS is appropriate in these cases [16, 25, 30] . Moreover, to analyse the factors associated with the households' degree of diversification choice, a Multinomial Logit Model (MLM) was employed.
In Ecuador, one of the world's most mega-diverse countries [31, 32] , about 90% of the deforested area in the last two decades was converted somehow into agricultural areas, as a result of forests converted into crops and pastures [33] . The Ecuadorian Amazon Region (EAR) has experienced this same pattern of an expanding agricultural frontier. The EAR is a region that comprises about 48% of Ecuador's total surface area, with a population growth of 5.1% (up to the year 2010). The population is predominantly rural, with around 60 in extensive agricultural production systems [34] . It is estimated that throughout the EAR, there are around one million hectares of pastureland [35] . The Ecuadorian government in its Agenda for Productive Transformation in the Amazon (ATPA, for its Spanish acronym) has aimed at reducing the area of pastures by converting them into more sustainable production systems through reforestation and natural restoration. In these contexts, research on local production systems and traditional knowledge linked to sustainable agriculture is urgently needed in the EAR.
Conducting a study at a household level, in the transition and buffer zone of the Sumaco Biosphere Reserve in the EAR (Figure 1 ), we depart from the hypothesis that agricultural diversity is affected by ethnicity and the livelihood strategies (LS) that a household pursues with consequences on socioeconomic variables. Hence, this paper focuses on issues of agricultural diversification in a biological hotspot area inhabited by indigenous populations and migrant-settlers 50 years after colonization. The following questions are assessed: (i) How does diversification relate to livelihood strategies in terms of agricultural area and income sources? and (ii) What are the socioeconomic factors related to higher diversification? Hence, this study aimed at (a) examining the agriculture diversification by LS using the Shannon diversity index of agriculture (Crops and livestock); and (b) evaluating the effect of LS and ethnicity on the degree of agriculture diversification using a range of high, medium and low diversification determined from the Shannon equitable index. Finally, as a basis for potential policy implications we discuss if agricultural diversification in rural livelihood strategies could lead to more sustainable production systems.
The paper is organized as follows: the next section briefly describes the material and methods, including the study area and the statistical methods used to analyse the effect of livelihood strategies, ethnicity and other socioeconomic factors affecting a household's agricultural diversification. Next, the results are described followed by the discussion, policy implications and main conclusions.
Materials and Methods

Study Area and Agricultural Contexts
The northern and central part of the EAR, prior the petroleum era, was populated by indigenous people and very few colonists, with the forest landscape largely intact [36] . Since the discovery of crude oil in 1967, this region began to be occupied by agricultural settler families [37] who migrated from other rural areas of Ecuador [38, 39] , then roads were laid down for the oil exploitation and the Agrarian Reform Laws were enacted (1964 and 1972) , which stimulated the colonization of Amazonian forest land [37, 39] . These factors have promoted an intense process of land use change that generally follows similar productive and survival strategies, including the cultivation of subsistence and cash crops, pasture to raise cattle [40] [41] [42] and timber logging [39, 41, 43] , as well as land fragmentation due to population growth [38, 40] . However, during the last two decades, Ecuador has made efforts to encourage sustainable development. In 2008, Ecuador became the first country to grant legal rights to nature, with the aim of improving livelihoods and agricultural production systems in the EAR [42] and in 2011 with the government announced the ATPA, which promotes a sustainable productive transformation [35] .
This study was conducted in the buffer and transition zones of the Sumaco Biosphere According to the Sevilla Strategy, each biosphere reserve serves three complementary functions: "a conservation function, to preserve genetic resources, species, ecosystem and landscapes; a development function, to foster sustainable economic and human development and a logistic support function, to support demonstration projects, environmental education and training and research and monitoring related to local, national and global issues of conservation and sustainable development" [45] (p. 4). Thus, the buffer and transition zones fulfils the development and logistic support functions respectively and this is where the communities within the SBR are located (Figure 1) .
The SBR is part of an important ecosystem in the Amazonian foothills, located in an altitudinal gradient from tropical rain forest, 300 to 3732 m above sea level at the Sumaco volcano's summit. The area is part of the hotspot called the 'Uplands of Western Amazonia' [31, 46] . Nevertheless, like many other areas of high biodiversity which are under threat from habitat destruction [32] , the SBR also faces high rates of deforestation and land use change. From 2008 to 2013, the SBR lost 93,853 hectares of native forest [47] . This accounts for a 10.8% shift to other land uses over a period of 5 years, with a deforestation rate of 2.16% in the whole SBR. This change exemplifies a strong conversion from forests to land for pasture, crops and fallow [47] .
Currently, the human population in the SBR is approximately 206,000 and the average annual growth rate is 3% [47] . Most of inhabitants are indigenous Kichwa and less than 40% are migrant settlers.
For most migrant settlers and some Kichwa populations in the SBR, the agricultural systems are made up mainly of cash crops, such as pasture for cattle (Figure 2 ), cocoa (Theobroma cacao L.), coffee (Coffea canephora Pierre ex A. Froehner), maize (Zea mays L.) and naranjilla (Solanum quitoense Lam.), in addition to staple crops, such as yucca (Manihot esculenta Crantz), plantain (Musa paradisiaca L.) and peach palm (Bactris gasipaes Kunth) [48] [49] [50] [51] . These trends are fairly similar to those found in the northern Ecuadorian Amazon Region [37, 39, 41] and by Vasco et al. [52] and Lerner et al. [53] in the central and southern Ecuadorian Amazon Region, respectively. For most of the Kichwa population, the "Chakra" system is the most common traditional agroforestry system [48, 51, 54, 55] . It is characterized by its high level of biodiversity and high number of timber-yielding and fruit trees [48, 51, 56, 57] . The chakra in the SBR is also considered a polyculture [48, 56] , where the principal crops are cocoa (Theobroma cacao L.), coffee (Coffea canephora Pierre ex A. Froehner) and nowadays guayusa (Ylex Guayusa Loes) [58, 59] . These crops grow alongside plants used for medicine, spiritual rituals, making crafts and other consumption purposes [48] , as well as together with forest trees (see Vera et al. [56] ) and fruit trees for consumption and multipurpose materials ( Figure 3 ). According to Torres and colleagues [51] there are nearly 12,500 ha of cacao cultivated in the chakra system in the buffer and transition areas of the SBR, with the size of chakra plots ranging from 0.5 to 4 ha [51] . 
Data Collection
This study used the Poverty and Environment Network (PEN) methodology developed by CIFOR [60] . This approach consisted of four quarterly questionnaires at a household level, two annual household surveys (separated by twelve months) and, two community-level annual surveys. The questionnaires were administered to a sample of 186 households. Households were selected in two steps. Firstly, 32 communities were randomly selected (21 Kichwa and 11 settler), accounting for 12% of the total number of communities (300) inside the buffer and transition zone of the SBR (Table 1 ; Figure 1 ). The use of this approach ensures a fair representation of the communities and improves the robustness of the results [61] . The proportion of Kichwa and migrant settlers' communities in our sample is consistent with that reported for the SBR as a whole (70% Kichwa and 30% migrant settlers [62] . Next, five to seven households were randomly selected in each community. This paper is part of a collaborative research project conducted in the Amazon region seeking to understand the heterogeneity of livelihood patterns and the level of dependency on environmental resources in Amazonian contexts characterized by local or traditional populations engaged in agricultural activities. The project was implemented in 2008-2010 by a team of researchers linked to the Network for the Study of Livelihoods and Environment in the Amazon (RAVA). RAVA's tangible objective was to generate a solid shared regional database to define which Amazonian communities rely on natural resources and on agriculture for their livelihoods. This project is also part of the PEN.
Identification of Livelihood Strategies
We adopted the livelihood strategy clusters identified by Torres et al. [42] . These authors used two multivariate techniques: (a) first a Principal Component Analysis (PCA) to reduce dimensionality using the proportion of nine income sources. The nine income variables used in the PCA were the relative earnings from: environmental resources, fishing in rivers, aquaculture (fish ponds), business activities, wages from employment, forestry uses, agricultural production, livestock production and other activities; (b) followed by an Agglomerative Hierarchical Clustering (AHC), where the first five major components resulting from the PCA were used and accounted for 70.15% of the cumulative variance of the original income data, which was considered sufficient to develop the HCA. Thus, Torres et al. [42] determined four LS, namely Forest-based, Crop-based, Livestock-based and Wage-based. In the same study, the percentage of crop land and pasture land, as well as the total income, differed significantly across the four household LS with p < 0.001. These differences are analysed in this paper, including a break-down of each crop. In addition, we analysed the effect of the four LS and ethnicity on agricultural diversification.
Additionally, two important household characteristics of LS should be considered from a previous study: (a) firstly, that the proportion of the remaining forest land was in average 64% for those households engaged in Forest-based LS, 60% for those in Crop-based LS, 53% for households in Livestock-based LS and 65% for households in Wage-based LS; (b) secondly, that off-farm income (including jobs, business and other income such as remittances or land rent) are important income sources in the SBR. These off-farm activities comprise not less than 21% of the total income of all LS and an average of around 78% for those households engaged in Wage-based LS [42] .
Computing Agricultural Diversification
To measure agricultural diversification amongst the LS, we first used the number of crop areas (NCA), which involves the numbers of household crops and pasture areas. Secondly, we measured the level of agricultural crop area diversification, computing the Shannon diversity index (H crop_area ). This methodology is commonly used to assess species diversity [63] . The complete formula of the H applied in this paper is described as follows:
where, S is the number of farm crop area sources and cropshare i is the share of crop area from activity i in total household crop area. The Shannon index H crop_area takes into account both the number of crops sources and their evenness. Based on this H index, the Shannon equitability index, E, is calculated as:
where the denominator is the maximal possible H and E ranges from 0 to 100, reflecting the share of the actual crop area diversification in relation to the maximum possible diversity of crop area.
Modelling Agricultural Diversification and Their Determinants
We used a linear regression model to examine the determinants of agricultural diversification. Ordinary least square regression shows the determinant variable for each category versus the base category (in our case, crop-based strategy). We therefore used a model with the following form:
where Y is the number of crop area source (NCS) and H crop_area , X is a vector of individual and household characteristics described in Table 2 , β is a vector of coefficients, the direction and magnitude of which are of interest in this study and ε stands for the disturbance term. Additionally, we used a multinomial logit model to identify the determinants of the degree of agricultural diversification. The MLM shows the determinant variables for each category versus the base category (in this case, crop-based strategy). We chose this methodology because it is appropriate for determining the influence of a selected set of explanatory variables on a dependent variable with more than two unordered outcomes [64] . In this case, the model's dependent variable is the result of the diversification degree from the Shannon equitable indices (E crop_area ), with the three determined agricultural diversification levels: high diversification, medium diversification and low diversification, which accounted for fifteen independent variables (Table 2) . Thus, the model was specified as the probability of occurrence of a particular degree of diversification given the independent variables. We therefore used a model of the following form:
where K is the number of diversity degrees (in this case three), one of which is the main level of diversification of an individual i, X is a vector of independent variables and β is a vector of coefficients the magnitude and direction of which are of fundamental interest for this study. The dependent variables are the three diversification levels. The model contained fourteen explanatory variables: forest-based LS, livestock-based LS, wage-based LS, ethnicity, age of household head, education of household head, household size, access to credit, forest land, total land, allocation, distance to city and road access (see Table 2 for a more detailed description). The average total income was not included in the model to avoid endogeneity since the four LS were developed from income percentages.
Results
The following section uses cross-sectional study results to examine households' agricultural area and income distributions among four livelihoods strategies identified in the SBR. We also describe the result of the econometrics analyses, presenting relationships between variables and the determinants of agriculture diversification.
Agricultural Area Distribution across Livelihood Strategies
The mean household cultivated area across all LS was 7.64 ha. The main crops according to their proportion of area were: pasture (36%), traditional agroforestry system (locally known as Chakra) (36%), coffee (14%), cocoa (11%), maize (11%), naranjilla (3%), cassava (2%), rice (1%), plantain (1%) and other crops (2%). However, only pasture, chakra, coffee and maize were statistically significant with p < 0.001 among the four livelihood strategies (Table 3) .
However, for households engaged in the Forest-based LS, the most important crops in terms of cultivated areas were: pastures (43%), chakra (19%), cocoa, coffee and corn (around 8%) and naranjilla (6%). For Crop-based LS households, the most representative crops were chakra (25%), coffee (23%), pastures (20%), maize (16%) and cocoa (12%). For Livestock-based LS, pastures constituted 87% of their area, followed by cocoa and coffee (with about 3%). For Wage-based households LS, pastures accounted for (34%), followed by chakra (18%), cocoa (15%) and maize (9%). The highest mean area under cultivation was Livestock-based households LS, with around 16 ha. The lowest average was in Wage-based LS, with around 5 ha (Table 3) . Table 4 presents the results from a one-year period for the nine most important agricultural income sources assessed in this study. A total of fourteen crop products were reported. Five of these crops were present in a few households with irrelevant quantities. This category was labelled as "other" and includes citrus fruits, peach palm, avocado and tree tomato. Regarding the overall sample, income from cocoa, coffee and livestock are the most important, accounting for about 15% of the total crop-livestock income. For those households engaged in Forest-based LS, naranjilla (24%), cocoa (20%) and coffee (15%) are the most important crops for income generation. Crop-based LS consisted of households with four main crops sources: coffee (23%), maize (16%), cocoa (15%) and yucca (13%). Households in Livestock-based LS obtained substantial income from two sources: livestock and coffee, representing (82%) and (14%) of total crop-livestock income respectively. Households in Wage-based LS attained income from three sources: cocoa (21%), livestock (12%) and yucca (14%). However, in absolute terms, households in Livestock-based LS obtained the highest agricultural income with an average of U.S.$2725. While the lowest agricultural income was obtained for those households in Wage-based LS with an average of U.S.$315 (Table 4) . Figure 4 shows the relative proportion of crop-livestock area (a). The average share of pasture area was 38%, whilst for Livestock-based it was 86%, followed by Forest-based (45%), Wage-based (35%) and Crop-based (21%). The remaining proportion of land in Figure 4a concerns crop areas. To better understand the relationship between cultivated areas and income, we also computed the relative crop-livestock income for the whole sample and for each LS. Thus, the livestock income average in the whole sample accounted for 16% of total household crop-livestock income. Furthermore, for households engaged in livestock-based LS, the average livestock income was around 86% of the total agricultural income, followed by wage-based LS (15%), Crop-based LS (3%) and Forest-based LS (2%) (Figure 4b ). 
Agricultural Income Distribution among Livelihood Strategies
Crop-Livestock Area and Income Relation among Livelihood Strategies
Agricultural Diversity Indices
We used three different measurements of agricultural diversity, using crop area sources. Thus, the majority of farmers were diversified in their cropping activities, with an average in the whole sample of 0.75 in the Shannon-Weaver H crop_area index, 0.61 in the equity index and 2.9 in numbers from crop sources ( Table 5 ). About 18% of the households were specialized producers growing a single crop only, the majority being in grasslands for cattle ranching and cocoa plantation, most of them involved in Livestock-based LS and Wage-based LS.
The H crop_area differed significantly across the four LS (p < 0.001). Crop-based LS showed the highest average index (0.94), followed by Forest-based LS (0.83) and Wage-based LS (0.61). Meanwhile the lowest index (0.20) was in households involved in Livestock-based LS (Table 4) . We also computed the numbers of crop sources (NCS) as another measure of diversification. The results reflect an average of 3.4 and 3.3 for number of crops per household in Crop-based LS and Forest-based LS, respectively, whilst the lowest average was obtained in households within the Livestock-based LS (1.8) ( Table 5) . Significance was performed for the mean of crops-livestock income in absolute terms (U.S.D). Significance levels: *, *** are 90% and 99%, respectively. Values in parentheses are standard deviations of the mean. Letters in superscript denote significant differences amongst LS based on the ANOVA test. † Total household income included forest and off-farm income and was added up in order to examine the proportion of contribution of agriculture income in the discussion section. Source: Authors computation from survey data PEN/RAVA-SBR, (project grant TF090577), 2008. The results of the multiple linear regressions for the determinants of household crop area diversification, as well as the number of crop sources are presented in Table 6 . On average, households with Livestock-based LS have lower NCS and H crop_area than their peers with Crop-based LS. A similar pattern is observed for households mostly engaged in Wage-based LS, which, ceteris paribus, exhibit lower levels of crop diversification. Households with Forest-based LS have only lower H crop_area than those with Crop-based LS, Whilst the NCS and H crop_area are higher for households located in communities next to a road. Table 6 . Ordinary least squares (OLS) regression predicting the determinant of crop area diversification. 
Variables
NCS H crop_area
Livelihoods strategies
Determinants of Degree of Diversification
To determine the level of agricultural diversification, we used the Shannon equitable index (E) in the crop area (see Equation (2) and Table 5 ) over the 186 households. Figure 5 shows three levels of agricultural area diversification determined in a range of: low diversification (<25%), medium diversification (<26-75%) and high diversification (>75%). In, Table 7 the MLM shows the households' adoption of the three degrees of agricultural diversification determined from E ( Figure 5 ). Households in the Livestock-based LS (p < 0.001) and Wage-based LS (p < 0.05) are less likely to have highly diversified agricultural areas, compared to households with Crop-based LS, whilst households in Livestock-based LS have a strong tendency to adopt low diversified crop areas. Ethnicity (in this case Kichwa) has a significant effect (p < 0.001) on the adoption of highly diversified agricultural systems. The results also show that household size (p < 0.01) and forest land (p < 0.001) are likely related to the adoption of highly diversified crop areas. Total land (p < 0.001) and road access (p < 0.001) have a positive effect on medium diversification and the proportion of forest land (p < 0.001) negative effects medium diversification crop areas. On the other hand, low diversification is positively affected by Livestock-based LS and ethnicity (migrant settlers). Additionally, low diversified households are located at short distances from urban areas. 
Discussion
In this section, we discuss the main findings and offer some policy recommendations for practitioners to promote sustainable production in the Amazon.
Small-Scale Agriculture in the SBR
Throughout the study area (SBR), agriculture (crops and livestock) accounts for about 40% of the total annual household income, reflecting that household income still depends, to a large extent, on agricultural income, as in many other parts of the EAR [41, 52, 65] . Furthermore, the amount of land devoted to agricultural uses is still small (7.6 ha per household) in the SBR. These patterns of small-scale farming are consistent with previous research [52, [66] [67] [68] , which reported similar values for other areas in the EAR.
In this context of small-scale agriculture, our results identified two groups. The first group were relatively diversified in their cropping activities and are represented by households engaged in Crop-based and Forest-based LS (Table 5 ). These patterns of agricultural diversification align as a strategy that safeguards farmers with a variety of crops adapted to the Amazon's fragile and poor soils [69, 70] , frequently referred to as not suitable for agriculture [71] . The second group suggests a tendency towards more specialized producers for those households following Livestock-based LS and Wage-based LS, especially in communities with better access to cities and thus to markets, showing market-oriented forms of land use, consistent with previous research in the EAR [52, 59, 66, 72, 73] . This trend in the SBR is a commonplace for the cultivation of grasslands for cattle ranching as well as in maize and cocoa plantations.
Determinants of Agricultural Diversification
Socioeconomic Factors Affecting Agricultural Diversification
The OLS regressions provide evidence that ethnicity has a positive effect on both the diversification indices utilized (H crop_area and NCS), with Kichwa households keeping more diversified farms than their migrant settlers counterparts (Table 6) . A possible explanation is that the Kichwa population continues to maintain their traditional agroforestry practices based on subsistence agriculture [74] . They do so by using the "chakra," a traditional agroforestry system, characterized not only as a polyculture [48, 56] but also for its high floristic diversity [51, 54, 75] . Land size is an important factor influencing the H crop_area and NCS in the SBR. This is consistent with previous research, which reported a strong correlation between this variable and crop diversification [76, 77] . Overall, this reflects that larger farms are more diversified in terms of number of crops and crop areas. Road accessibility positively influences number of crops and crop area diversification. This indicates that roads facilitate the transport of products to markets [78] . This implication is consistent with the theory of von Thünen & Hall [79] but it also could reinforce the link between forest clearing and the expansion of agriculture near roads [80, 81] . This is found to be the case independently of which LS they are involved in. Moreover, given the absence of data surrounding the factors enabling high agricultural diversification at local levels in the EAR and the currently crucial importance for practitioners, we provide more evidence on households using high diversification. Thus, amongst household variables, household size is likely related to the adoption of highly diversified agricultural systems. One possible explanation is that agricultural diversification may be influenced by the availability of household labour. This explanation is similar to that of Culas [82] but differing from Asante and others [25] , who found lower agricultural diversification for households with more family labour and higher numbers of dependents. Our results in the SBR suggest a profile of highly diversified farmers: households belonging the Kichwa ethnic group, with large families, remnants of forest land from which they obtain their livelihood, mainly from crops and the forest, are more likely to adopt highly diversified agricultural systems. This may be related to the fact that agroforestry, in general, has played an important role in indigenous tropical areas [83] . In particular, the Kichwa population in the SBR still rely on their culturally traditional chakra system [48] and their aforementioned subsistence agriculture [52] .
Tendency to Agricultural Specialization
The results from OLS regression also provide evidence stating that households with Livestock-based LS and Wage-based LS are negatively associated with agricultural diversification in comparison with households in Crop-based LS. In the first case, it is possible that households engaged in Livestock-based LS have large areas devoted to pastures [42] , which diminishes agricultural diversification on their farms. As for households earning their livelihood principally from wage work, our results may reflect that these kinds of households lack the labour required to keep a diversified farm due to the fact that some of their members are engaged in off-farm employment [42] . Reinforcing these findings, the results of the MLM show that smaller migrant settler households, which are not accessible by road and are engaged in Livestock-based LS, are more likely to adopt low agricultural diversification, with high trends towards specialization in monoculture activities. These activities greatly risk for pest and disease outbreaks [83] .
Policy Implication for More Sustainable Production Systems
The methodological message for policy intervention, suggests that there is a potential for grouping households into LS in order to improve the analysis of household agricultural diversification in rural areas. As a matter of fact, we examined the agricultural diversification using the four LS identified by Torres et al. [42] : Forest-based, Crop-based, Livestock-based and Wage-based LS. Our findings indicate that households who utilize Livestock-based LS not only have the largest landholdings but also the least diversified. This notion demonstrates the heterogeneous livelihood schemes experienced by households living in the same area [84, 85] . Additionally, the relative proportion of crop-livestock area versus crop-livestock income, highlights the fact that, only for those households engaged in Livestock-based LS, the relationship of pasture areas and livestock income is economically efficient. However, this relationship could be less resilient to agricultural risk and climate change. That is not the case for the rest of the households involved in the remaining LS. In fact, the average area in pasture for those households in the Forest-based LS was 43%, whilst their proportion of income via livestock was only 1.5%. This condition is common for those households in the remaining LS (see Figure 4a,b) .
Based on these results, we summarize that livestock systems in the EAR reduce the degree of agricultural diversification due to the extensive use of pasture for cattle ranching [39, 53, 73] and recommend the following: (a) The livelihood strategy approach should be used to identify and facilitate the acceptance of farmers to convert less efficient or abandoned pastures areas into more sustainable production systems. For example, households engaged in Forest-based LS, Crop-based LS and Wage-based LS have a significant proportion of land in pastures areas, which does not reflect a significant contribution to their income (see Figure 4a,b) . These households could be the potential target group to promote land conversion and the production of sustainable commodities to face agriculture risk [18, 19] ; (b) Degraded grazing areas of households within Livestock-based LS should be improved by planting new timber-yielding trees in pastures or allowing natural trees to regrow as found by Lerner and colleagues [53] in the southern EAR, especially under difficult conditions. In conjunction with the establishment of "live fences" and implementation of the best management practices to transition Livestock-based LS into a more sustainable low-emission management systems, with potential enrolments in REDD+ programs [53] and a reduced-emission agricultural policy [86] ; (c) The fact that crops contribute to more than 40% of income and are still largely part of the traditional "chakra" system, we recommend considering this aspect in the redirection of agricultural incentives in the EAR to reward the sustainable traditional agricultural system [55] . This is because chakra provides a plethora of ecosystem services [87] and is, characterized by having a high number of timber-yielding and fruit trees [48, 51, 56, 57, 75] , edible and medicinal plants [51, 54] , leaf litter restoration and a minimization process of water erosion compared to monocultures and pastures [70] . Thus, the chakra system is an example of the use of sustainable production to combat biodiversity loss and climate change for small-scale farmers [48, 49, 51] . This is especially true for the Crop-based LS and Forest-based LS, which have between 80% and 56% in crop areas, respectively. In the current context of ATPA, the chakra system is an essential element for a sustainable transition [48, 88] . Finally, these insights are useful for practitioners and decision makers, who seek to address the challenge of sustainably by increasing food security and incomes without damaging the environment [5, 6, 89] . They are also vital in order to support the Ecuadorian government, specifically regarding the strengthening of the ATPA, whose aim to convert around 300,000 ha of pasture areas into more sustainable production systems [34, 35] .
Conclusions
This study aimed at assessing the factors influencing agricultural diversification for farmers within the buffer and transition zone of the Sumaco Biosphere Reserve. The results reflect that policy makers should devise multiple approaches for the different livelihood strategies used by households in the Ecuadorian Amazon Region. Crop-based LS and Forest-based LS are the most diversified, whilst Livestock and Wage-based LS are the least diversified. In addition, the use of the traditional chakra system facilitates agricultural diversification, so that the promotion of the diversified chakra system should be encouraged, whilst improving the Livestock-based LS and Wage-based LS with a more diversified strategy in order to cope with possible climate change events. Certainly, agricultural diversification in the Ecuadoran Amazon Region may play an important role in the success of the provision of food security of, self-employment and of the production of sustainable commodities to increase rural incomes. All these efforts would be supported by the national and local governments, as well as development agencies. Finally, these suggestions would establish valid and efficient instruments in the facilitation of the agenda for a productive transformation in the Ecuadorian Amazon.
